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The environment shapes our intestinal microbiome. By contrasting the gut microbiomes of African hunter-
gatherer and European subjects, a new study reveals that urbanization is associated with a loss of
microbial organisms and genes. What will be the consequences of the lost biodiversity in the sanitized,
western-diet world?The human body lives in symbiosis with
a vast and diverse microbial population
comprising bacteria, archaea, viruses,
and eukaryotic microbes. This
microbial population — the
microbiome — populates many human
organs and tissues, including the
gastrointestinal tract, the oral cavity and
the skin [1]. Host–microbe interactions
(immune modulation, for example) and
environmental factors (such as diet) have
been — and still are — major drivers of
the co-evolution of the human–
microbiome symbiosis [2]. Among the
main phases of this co-evolution, the
advent of westernized lifestyles (involving
urbanization, industrialization, and
high-fat diets) is a very dramatic change,
especially in light of its limited
evolutionary timescale. In a recent issue
of Current Biology, Rampelli and
colleagues [3] investigated the effect of
westernization on the intestinal
microdiversity by comparing the
metagenomic content of gut microbiomes
of urbanized Italian subjects with
hunter-gatherer Hadza subjects from
Tanzania.
The comparative approach of
contrasting populations that are divergent
for the feature of interest is one of the
most successful in biology and in
genomics in particular. This approach
was employed by Rampelli et al. [3] for
studying the effect of urbanization on the
gut microbiome and by authors of other
previous metagenomic investigations. In
particular, the seminal work by De Filippo
et al. [4] focused on children from Europe
and rural Africa and was followed by a
larger study [5] encompassing non-urban
settings in both the African and South
American continents; more recently,Cseveral other rural and non-urbanized
populations have been surveyed [6,7].
These investigations consistently found
that the composition of the intestinal
microbiome is clearly different between
urbanized populations eating a high-fat
diet and rural populations eating a low-fat
diet, and that westernization is associated
with a loss of microbial diversity including
organisms able to ferment fiber-rich
dietary components (see Figure 1 for our
summary of these data on the bacterial
tree of life). Technically, these studies
were performed by community
sequencing of the 16S rRNA gene, a
universal bacterial marker with a very
strong phylogenetic signal. This
cost-effective technique [8] — also used
in a previous investigation of the Hadza
microbiome [9] — is, however, limited in
taxonomic resolution and does not
provide information regarding the specific
genomic content of the microbial
community. By sequencing the pool of
DNA extracted from the microbial
community with a whole-metagenome
sequencing method [10], the Rampelli
et al. study [3], and a related investigation
by Obregon-Tito et al. [11] independently
published in Nature Communications,
simultaneously refined the analysis to
the level of single microbial strains and
focused on the sample-specific functional
potential.
Both new studies confirm a decreased
microbiome complexity in westernized
populations as measured by simple
diversity parameters, such as the number
of distinct species. The authors of both
studies then identified the two main
genera that are over-represented in the
non-urban setting to be Treponema and
Prevotella. Obregon-Tito and colleaguesurrent Biology 25, R600–R620, July 20, 2015 ª[11] further reconstructed from the
metagenomic data the genomes of two
distinct strains of Treponema, only one of
which is related to a known sequenced
species (Treponema succinifaciens). The
functional analysis of these genomes
highlighted an adaptation to the gut
environment where they were likely under
positive selection for their metabolic
capabilities only in non-westernized
populations. Rampelli and colleagues [3]
extended this functional characterization
to the microbiome as a whole and
identified the microbial functionalities that
are underrepresented in urbanized
populations. These included microbial
pathways that can process and degrade
macromolecules of dietary origin into
small metabolites that are crucial for the
host metabolism. The gut microbiome of
Hadza hunter-gatherer subjects also
contained genes encoding components
of bacterial metabolic pathways that can
target a broader set of monosaccharides
and polysaccharides than the Italian
control group. Several xenobiotic
metabolism genes are instead seen only
in the Italian population and seem to be
necessary to process compounds such
as naphthalene, chloroalkane/
chloroalkene, benzoate, and xylene that
are related to petroleum refinement and
food preservatives not found in the Hadza
environment. Overall, these differences
reflect the low-diversity/high-fat diets
peculiar to the westernized world as well
as the effect of large-scale food
commercialization in industrialized
economies.
The Rampelli study [3] also investigated
the so-called ‘resistome’, which refers to
the set of microbial genes functionally
linked to antibiotic resistance, an issue of2015 Elsevier Ltd All rights reserved R611
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Figure 1. The disappearing microbes in the westernized population.
We report the high-resolution microbial tree of life inferred using up to 400 universal phylogenetic markers
extracted from 3,737 reference genomes [18] on which we annotated the consensus species that are
being lost (green triangles) or over-represented (red triangles) in the westernized world according to the
available metagenomic studies. Leaf nodes are colored based on the microbial phylum and genus-level
labels are added for subtrees with at least 20 available reference genomes. The tree has been plotted
using GraPhlAn [19].
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some differences in the specific
resistance families, including potential
responses to food-borne or food-derived
antibiotics in the Italian cohort, the
identification of many antibiotic
resistance genetic elements in the Hadza
cohort is somehow surprising given their
lack of exposure to commercial
antibiotics. Occasional contact of Hadza
subjects with modern pharmacological
agents (including anti-malaria drugs) may
have potentially impacted their gut
resistome, but a new study investigating
the microbiome of strictly uncontacted
hunter-gatherer Amerindians [6] further
confirms the presence of a consistent
antibiotic resistance load in non-
westernized populations. These studies
thus strongly support the hypothesis that
the gut microbiome is heavily shaped by
natural antibiotics and that many
antibiotic resistance genes provide
cross-protection against modern
antibiotic drugs. Although it cannot be
excluded that these uncontacted
Amerindians have had indirect contactR612 Current Biology 25, R600–R620, July 20with an alien population, these new
findings could have a broad impact on the
study of the currently worrisome evolution
of the gut resistome in westernized
countries.
There is a general question raised by
these studies that is currently
unaddressed: is the westernized world
losing crucial components of the gut
microbiome irreversibly? On the one
hand, dietary changes can rapidly
modulate the gut microbiome [13] and
thus, as long as the non-westernized
specific microbes are only
underrepresented rather than completely
extinct, the pre-industrialization
microbiome could be at least theoretically
restored. On the other hand, even in the
best-case scenario some xenobiotics
(such as from pollution) and dietary habits
cannot be completely removed in
westernized countries, and thus a general
trend toward losing members of the
microbiome seems unavoidable.
Moreover, the number of microbial
organisms that westernized populations
are losing might be greatly, 2015 ª2015 Elsevier Ltd All rights reservedunderestimated for a series of reasons.
Viruses, for example, are crucial
components of the gut microbiome that
are still very elusive in metagenomic
studies for both technical and
computational reasons and are probably
even more affected by environmental
forces than bacteria [14]. Additionally, all
metagenomic studies are to some degree
biased toward known organisms, and the
microbial dark matter [15] accounting for
up to 50% of metagenomic reads is larger
in non-westernized populations. This
unexplored microbial diversity likely
includes several other organisms that are
disappearing in industrialized countries.
The main question thus shifts from
whether some microbes are being lost in
westernized countries to what are the
medical and public health consequences
of this gradual disappearance?
Figuring out the biomedical effects of
the disappearingmicrobial diversity is one
of the main challenges of current
microbiome research. The challenge is
not restricted to commensal microbes, as
even the loss of opportunistic pathogens
that are being eradicated by large-scale
medical interventions poses similar
threats [16]. Now that high-resolution
metagenomics is a relatively well-
established experimental tool, large
cohorts with refined ad hoc experimental
designs are needed. A very recent
intriguing experimental design involved
the recruitment of urbanized African
Americans and rural South Africans and
swapping their diets for two weeks; this
exchange resulted in corresponding
changes in microbiome-associated
mucosal biomarkers of colon cancer risk
[17]. Larger-scale investigations with
similar settings, performed using themost
advanced metagenomic approaches,
hold the potential to address the medical
and public health concerns of the
disappearing biodiversity in westernized
countries.
Just as macro-ecological effects
leading to the extinction of animal species
is of primary concern, microbial ecology
needs to address similar problems for
the members of the gut microbiome that
are being depleted in the westernized
world. Many well-known macro-ecology
concepts that are likely still valid at the
microscopic scale are, in fact, not
considered in the current microbiome
research field. These include ecological
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Dispatchesextinction — the quantitative reduction
of an organism below a certain
threshold making it non-functional in
the community — and secondary
extinction — the loss of a species
triggered by the primary extinction of an
ecologically linked species. Unravelling
these microbial ecology dynamics,
together with the investigation of their
effects, is of crucial relevance in the effort
to preserve our ancestral microbiome and
defend the biodiversity that co-evolved
with our body before westernization.REFERENCES
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Evolution is affected by survival of individuals and by mate choice, but how sexual selection affects
adaptation remains unclear. A new study finds that sexual selection can limit adaptation by causing
male-induced harm to females and thus opposing natural selection.Darwin realized that evolutionary change
is affected not only by the survival of
individuals and natural selection, but also
by their reproductive success under
sexual selection [1,2]. Over the years, it
has become clear that both processes act
regularly and that natural selection is themechanism creating adaptation to the
environment [3]. In contrast, there are still
debates about the role of sexual selection
in adaptation. On the one hand, if healthy
individuals in good condition have high
reproductive success, then sexual
selection might align with naturalselection and promote adaptation [1,4,5].
On the other hand, sexual selection may
reduce survival through the evolution of
costly and exaggerated sexual traits [6],
or via mating systems where the sexes
harm each other [7,8]. In these scenarios,
sexual selection opposes natural2015 Elsevier Ltd All rights reserved R613
